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(54) Photoelectric sensor

(67)  The invention provides a photoelectric sensor
that provides useful information to set measurement con-
ditions. The photoelectric sensor includes a light emitting
unit having a light emitting element configured to emit
detection light toward a detection area, a light receiving
unithaving a lightreceiving element configured to receive
the detection light from the detection area and to obtain
a detection value corresponding to the amount of light

received, and a display device configured to display in-
formation representing the detection value in the light
receiving unit. When the detection value varies across a
predetermined threshold, the display device displays a
transit time that is the time from when the detection value
crosses the predetermined threshold until when it cross-
es the predetermined threshold again, and a variation
amount of the detection value in the variation.
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Description
BACKGROUND OF THE INVENTION
TECHNICAL FIELD

[0001] The presentinvention relates to a photoelectric
sensor, and more particularly, to a photoelectric sensor
with a display device.

RELATED ART

[0002] Photoelectric sensors are widely used to detect
the presence or absence of an object moving, for exam-
ple, in a factory production line. Conventionally, various
techniques have been proposed for such photoelectric
Sensors.

[0003] For example, Japanese Unexamined Patent
Publication No. 2007-93464 discloses a technique that
compares the amount of light received at the light receiv-
ing element of a photoelectric sensor with a threshold
value, outputs an ON signal or an OFF signal, and dis-
plays information to determine the duration time of the
ON signal (i.e., ON time width) and the duration time of
the OFF signal (i.e., OFF time width).

[0004] The above-described display of the ON time
width and the OFF time width can be a help to users
when trying to set the response time of a photoelectric
sensor.

[0005] However, items to be set in the photoelectric
sensor are not limited to response time only. The user
hopes thatadditional useful information is provided when
setting the measurement conditions of the photoelectric
sensor.

SUMMARY

[0006] The presentinvention has been devised in view
of these circumstances, and an object thereof is to pro-
vide useful information to set the measurement condi-
tions of a photoelectric sensor.

[0007] In accordance with one aspect of the present
invention, a photoelectric sensor includes a light emitting
unit having a light emitting element configured to emit
detection light toward a detection area, a light receiving
unithaving a lightreceiving element configured to receive
the detection light from the detection area and to obtain
a detection value corresponding to the amount of light
received, and a display device (display means) config-
ured to display information representing the detection
value in the light receiving unit. When the detection value
varies across a predetermined threshold, the display de-
vice displays a transit time that is the time from when the
detection value crosses the predetermined threshold un-
til when it crosses the predetermined threshold again,
and a variation amount of the detection value in the var-
iation.

[0008] Preferably, the photoelectric sensor further in-
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cludes a setting device (setting means) configured to set
conditions for the detection of an object, the detection
being performed using the light emitting unit and the light
receiving unit. The setting device sets a response time
ofthe detection based on the transit time and the variation
amount.

[0009] Preferably, the photoelectric sensor further in-
cludes a memory device (memory means) configured to
store two or more response times of the detection. The
memory device selects and sets one response time out
of the two or more response times stored in the memory
device based on the transit time and the variation amount.
[0010] Preferably, the photoelectric sensor further in-
cludes an input device (input means) configured to re-
ceive input of information. When a predetermined input
to the input device is provided while the transit time and
the variation amount are displayed, the display device
displays information to identify the response time select-
ed by the setting device.

[0011] In accordance with another aspect of the
present invention, when a detection value varies across
a predetermined threshold, a photoelectric sensor dis-
plays a transit time that is the time from when the detec-
tion value crosses the predetermined threshold until it
crosses the predetermined threshold again, and a vari-
ation amount of the detection value in the variation, there-
by providing useful information to set the measurement
conditions of the photoelectric sensor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Fig. 1 is a view showing the appearance of an optical
fiber type photoelectric sensor thatis an embodiment
of a photoelectric sensor;

Fig. 2 is a perspective view showing the body in a
state where the cover is opened;

Fig. 3 is a diagram illustrating the upper surface of
the photoelectric sensor when viewed from the front;
Fig. 4 is a block diagram showing an electrical con-
figuration of the photoelectric sensor;

Fig. 5 is a diagram showing the process of setting a
response time;

Fig. 6 is a diagram showing an example of the tran-
sition of the display contents of displays;

Fig. 7 is a flow chart showing the operation control
of the photoelectric sensor;

Fig. 8 is a diagram for explaining the process in a
detection function setting menu;

Fig. 9 is a diagram showing examples of the display
contents of the displays in a display setting menu;
and

Fig. 10 is a diagram showing examples of the display
contents of the displays in a measurement mode.
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DETAILED DESCRIPTION

[0013] Embodiments of the photoelectric sensor will
now be described with reference to the drawings. The
same components are denoted by the same reference
numerals in the drawings, and detailed descriptions are
not repeated.

[Appearance of photoelectric sensor]

[0014] Figs. 1 and 2 are diagrams illustrating the ap-
pearance of an optical fiber type photoelectric sensor,
which is an embodiment of a photoelectric sensor.
[0015] A photoelectric sensor 1 includes abody 10 and
a pair of optical fibers 11 and 12 attached to the front of
the body 10. One optical fiber 11 is used to emit light and
the other optical fiber 12 is used to receive light. The
distal ends of the optical fibers 11 and 12 are provided
with heads 11A and 12A, respectively, each head includ-
ing a lens and the like. Actual optical fibers 11 and 12
may be longer than the illustrated form.

[0016] The optical fibers 11 and 12 are inserted into
insertion slots 11B and 12B on the front of the body 10,
respectively. A light emitting unit is disposed near the
insertion slot 11B of the emitting optical fiber 11, and a
light receiving unit is disposed near the insertion slot 12B
of the receiving optical fiber 12. A connection cable 14
is pulled out from the back of the body 10.

[0017] The above-described photoelectric sensor 1
functions as a transmission-type sensor where the light
receiving unitreceives light emitted from the light emitting
unit, and which determines a state in which the optical
path is blocked as the state of an "object’'s presence".
Alternatively, the photoelectric sensor 1 can also function
as a reflection-type photoelectric sensor that receives
light reflected from an object and determines the state of
an "object’s presence". For use as a reflection-type pho-
toelectric sensor, common heads are mounted on the
distal ends of the optical fibers 11 and 12, and the heads
are arranged toward a detection area.

[0018] The amount of received light generated by the
light receiving unit is input to a control device (a control
unit 105 described below), and it is determined whether
the light receiving unitis in a light receiving state by com-
parison with a threshold that has been registered in ad-
vance, the result of which is output.

[0019] The upper surface of the body 10 is provided
with a display unit 100 and a plurality of push button
switches SW1 to SW5. A cover 13 is placed over the
upper surface when in use, while the cover 13 is opened,
for example, during setting, thereby allowing the push
button switches SW1 to SW5 to be operated. Fig. 2 is a
perspective view of the body 10 in a state where the cover
13 is opened, and Fig. 3 is a diagram illustrating the upper
surface when viewed from the front. Since the cover 13
is transparent, the display contents of the display unit
100 can be checked through the cover 13 even when the
cover 13 is attached. The cover 13 is omitted in Fig. 3.
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[0020] Referring to Figs. 2 and 3, the configuration of
the upper surface of the body 10 is described below.

In the present embodiment, the push button switch SW1
is mounted in a position near the front of the body 10,
the display unit 100 is provided behind the push button
switch SW1, and four push button switches SW2 to SW5
are mounted furtherbehind the display unit 100. The push
buttons of the push button switches SW2 and SW3 are
formed integrally, while switch bodies (not shown) in the
body 10 are formed separately.

[0021] The display unit 100 has a pair of displays 101
and 102, and five indicator lights 111 to 115. Each of the
displays 101 and 102 is configured to combine four 7-
segment LEDs (Light Emitting Diodes), and displays a
number and an alphabetic string up to four digits.
[0022] The push button switch SW1 on the front side
is used for a tuning process described below, and the
push button switch SW1 is hereinafter referred to as a
"tuning switch SW1".

[0023] A pair of push button switches SW2 and SW3
behind the display unit 100 are used to change numerals
and sub-menus displayed on the displays 101 and 102.
Hereinafter, the push button switch SW2 with a sign (+)
on its push button is referred to as an "up-switch SW2",
and the push button switch SW3 with a sign (-) on its
push button is referred to as a "down-switch SW3".
[0024] The push button switch SW4 is used to switch
between a measurement mode and a setting mode, and
to select and determine the main menu option of the set-
ting mode. The push button switch SW4 is hereinafter
referred to as a "mode switch SW4".

[0025] If any has been set in the setting mode, the set-
ting is determined. Switching to the measurement mode
using the mode switch SW4 starts to measure based on
the setting.

[0026] The push button switch SW5 is to switch the
output format of the photoelectric sensor 1. Specifically,
either a "Light-ON mode" or a "Dark-ON mode" is select-
ed, where the Light-ON mode turns on the output when
the amount of received light becomes equal to or greater
than a threshold value, while the Dark-ON mode turns
on the output when the amount of received light becomes
equal to or smaller than the threshold value.

[0027] The indicator light 111 is lit when a detection
signal from the photoelectric sensor 1 is turned on in a
detection process. The indicator light 112 is lit when the
Light-ON mode is selected, while the indicator light 113
is lit when the Dark-ON mode is selected.

[0028] The indicator light 114 is lit when the process
of automatically adjusting the displayed amount of re-
ceived light is enabled. The indicator light 115 is turned
offininitialization, and is continuously lit after completion
of tuning.

[Electrical configuration of photoelectric sensor]

[0029] Fig. 4 is a block diagram showing an electrical
configuration of the photoelectric sensor 1 described
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above.

[0030] In the photoelectric sensor 1, a light emitting
unit 103 and a light receiving unit 104, as well as a mem-
ory 106 for storing programs, a display unit 100, an op-
erating unit 110, an external device interface 107, an out-
put unit 108, a power supply unit 109 and the like, are
connected to a control unit 105. The control unit 105 in-
cludes a central processing unit (CPU), and executing a
predetermined program by the CPU provides the control
described herein.

[0031] The display unit 100 includes the displays 101,
102 and the indicator lights 111 to 115, and the operating
unit 110 includes the push button switches SW1 to SW5.
The light emitting unit 103 has an LED 131 and an LED
driving circuit 132, and the light receiving unit 104 has a
photodiode (PD) 141 as well as an amplifier circuit 142
and an A/D conversion circuit 143. In the light emitting
unit 103, a drive current flows from the LED driving circuit
132 to the LED 131, whereby light is emitted, In the light
receiving unit 104, the output from the photodiode 141
is processed by the amplifier circuit 142 and the A/D con-
version circuit 143, whereby digital data indicating the
amount of light received (hereinafter referred to as the
"amount data of received light" or a "detection value") is
generated.

[0032] The control unit 105, which controls the opera-
tions of the light emitting unit 103 and the light receiving
unit 104 based on a program stored in the memory 106,
accepts the amount data of received light from the light
receiving unit 104 and performs the detection process.
Detection resultis output through the output unit 108 and
the external device interface 107.

[0033] The photoelectric sensor 1 may be provided
with a media driver as an interface for the control unit
105 to read data from and to write data to a recording
medium. The recording medium is removable from the
photoelectric sensor 1. The control unit 105 may execute
a program recorded on the recording medium. Such a
recording medium is, for example, CD-ROM (Compact
Disk-Read Only Memory), DVD-ROM (Digital Versatile
Disk-Read Only Memory), USB (Universal Serial Bus)
memory, memory card, FD (Flexible Disk), hard disk,
magnetic tape, cassette tape, MO (Magnetic Optical
Disk), MD (Mini Disk), IC (Integrated Circuit) card (except
memory card), optical card, mask ROM, EPROM, or
EEPROM (Electronically Erasable Programmable Read
Only Memory), which stores programs in a nonvolatile
manner.

[Example of display in photoelectric sensor]

[0034] The operation mode of the photoelectric sensor
1 involves a measurement mode and a setting mode.
The measurement mode is a mode to output the above-
described determination result to an external device. The
setting mode is a mode to set the operation of the pho-
toelectric sensor 1 in the measurement mode.

[0035] Upon operation of the tuning switch SW1 in the
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measurement mode, a setting process referred to as
"tuning" is performed. Tuning performs the processes of
setting a threshold and of adjusting sensitivity together,
which are essential for the detection process. Simply
speaking, in the case where a moving workpiece is de-
tected, the tuning switch SW1 is pressed for a predeter-
mined time or more while moving a workpiece under the
same condition as when it is detected, and determines
the maximum and minimum values of the amount of light
received during thattime. The sensitivity is then adjusted
such that the maximum value becomes equal to a pre-
determined target value, the minimum value is corrected
according to the adjustment, and the intermediate value
between the maximum and minimum values is set as a
threshold. Note that the sensitivity is adjusted by adjust-
ing a drive current flowing through the light emitting unit
103 and the magnification of the amplifier circuit 142 of
the light receiving unit 104.

[0036] The tuning process may be performed by the
operation of pressing the tuning switch SW1 twice in a
relatively short time interval, in which case one operation
is performed in a state where the workpiece is placed in
the detection area, and the other operation is performed
in a state where the workpiece is not placed in the de-
tection area. The sensitivity is then adjusted such that a
larger one of the amounts of light received according to
the operationsis equal to a target value, the otheramount
of lightreceived is corrected according to the adjustment,
and the intermediate value between the maximum and
minimum amounts of light received is set as a threshold.
[0037] A predetermined operation (e.g., pressing and
holding the tuning switch SW1) in the measurement
mode performs "response time setting". Response time
means a delay time from the change of a detection state
(a light receiving state or a light non-receiving state in
the light receiving unit) until the inverse of the output (from
ON to OFF, or from OFF to ON).

[0038] Intheresponse time setting, the control unit 105
measures a time required from when the detection value
of the amount of received light varies across a threshold
set at that time until when the detection value thereof
varies across the threshold again, and displays the time
on the display 102. Fig. 5 is a diagram showing the proc-
ess of setting a response time. Referring to Fig. 5, an
overview of the process of setting the response time is
described below.

[0039] A line L indicates the detection value of the
amount of received light in Fig. 5, where the ordinate
represents the amount of received light, and the abscissa
represents time.

[0040] As shown in Fig. 5, after the detection value
corresponds to the threshold at time T1, the detection
value further decreases, takes a local minimum value,
then increases, corresponds to the threshold at time T2,
and further rises. In the example of Fig. 5, the time re-
quired from when the detection value first varies across
the threshold until when the detection value varies across
the threshold again is "T2 - T1".
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[0041] Fig. 5 also shows the display content of the dis-
play 102. When the detection value crosses the threshold
twice as described above, the control unit 105 calculates
the time ("T2- T1") from the first crossing of the threshold
until the second crossing thereof, and displays it on the
display 102. Such a time is referred to as "transit time"
herein. In Fig. 5, a numeral "500" is displayed on the
display 102 as an example of the transit time.

[0042] Fig. 5 also shows the display content of the dis-
play 101. As described above, when the detection value
crosses the threshold twice, the control unit 105 displays
the transit time on the display 102, and, in addition, dis-
plays a variation amount to the local minimum value in
the detection value on the display 101. The variation
amount is shown as "difference between the amounts of
received light" in Fig. 5. In the line L, the difference be-
tween the amounts of received light is a difference be-
tween a detection value indicated by "peak" and a de-
tection value (local minimum value) indicated by "bot-
tom". The control unit 105 obtains the peak, for example,
as an inflection point at which a value in the line L starts
to decrease. Such a width is referred to as "resolution”
herein as needed. In Fig.5, a numeral "63" is displayed
on the display 101 as an example of the resolution.
[0043] If a moving workpiece is to be detected, a user
causes the photoelectric sensor 1 to perform, for exam-
ple, the response time setting. The user moves the work-
piece under the same conditions as when it is detected
to perform the response time setting. The workpiece
passes through a detection area causing the detection
value to vary across the threshold twice as shown in Fig.
5. When the detection value varies in this manner, the
control unit 105 calculates the transit time, and displays
the transit time on the display 102, as described above.
The user determines whether the settings of the current
response time is appropriate by viewing the transit time,
and changes the settings of the response time as needed.
The settings may be changed by operating switches such
as the up-switch SW2 and the down-switch SW3. When
a switch such as the up-switch SW2 or the down-switch
SWa3is operated while the display 102 displays the transit
time, the control unit 105 sequentially designates each
of multiple detection functions (see table of Fig. 8F de-
scribed below), information of which is stored in the pho-
toelectric sensor 1. Thus, when the operation of deter-
mining a designated detection function is performed, the
control unit 105 returns to a state in which the detection
function is determined, the response time setting is end-
ed, and a determination result is output to an external
device.

[0044] That is, when a predetermined operation such
as setting a designated detection function is performed
during the response time setting, the control unit 105
ends the response time setting, and performs the oper-
ation in a normal measurement mode. While the re-
sponse time setting is performed in the measurement
mode, the control unit 105, preferably, temporarily stops
to output the determination result to an external device
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and resumes outputting the determination result to the
external device after ending the response time setting.
[0045] Note that, in the photoelectric sensor 1, the
amount of light may be changed depending on the re-
sponse time and the user can change the setting of the
response time while viewing not only the transit time but
also the resolution.

[Setting detection function based on resolution]

[0046] In the photoelectric sensor 1, the control unit
105 acquires the amount of light received in the light re-
ceiving unit, for example, every first-time (e.g., 100 p
seconds) in order to obtain detection values indicated by
the line L in Fig. 5, where the "first-time" corresponds to
the response time. If the response time is longer, the
control unit 105 can determine the amount of received
light based on more number of detection outputs of the
light receiving element. This is because if the response
time is longer, time to process more number of detection
outputs of the light receiving element is given to the con-
trol unit 105. Thus, the longer the response time is, the
more the maximum amount (also referred to just as the
"amount of light") that can be used for a single determi-
nation of the amount of received light increases in the
photoelectric sensor 1. Accordingly, if a response time
is specified in the photoelectric sensor 1, the amount of
light may be limited by the response time in some cases.
[0047] The photoelectric sensor 1 stores information
inthe memory 106 to perform multiple detection functions
(response times) as described below. Each of the multi-
ple detection functions includes the response time and
the amount of light that are achieved by the detection
function.

[0048] When the response time setting is performed
as described above, the user can manually set the re-
sponse time, or alternatively, the control unit 105 can set
the response time according to the transit time. That is
to say, the control unit 105 may serve as a setting means
configured to set conditions for the detection of an object,
the detection being performed using the light emitting
unit 103 and the lightreceiving unit 104. More specifically,
the control unit 105 may be configured to set a response
time of the detection based on the transit time and the
variation amount. Fig. 6 is a diagram showing an example
of the transition of the display contents of the displays
101 and 102. Setting of the response time according to
the detected transit time using the control unit 105 is de-
scribed below with reference to Fig. 6.

[0049] Figs. 6A to 6C show the display contents of the
displays 101 and 102.

[0050] When the detection value varies across the
threshold in the response time setting, resolution and a
transit time are displayed on the displays 101 and 102,
respectively, as shown in Fig. 6A. As with Fig. 5, Fig. 6A
shows a numeral 63 as the resolution and a numeral 500
as the transit time.

[0051] The control unit 105 may select, for example, a
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detectionfunction that has the response time shorter than
the transit time detected and has the amount of light
greater than the resolution detected, among two or more
detection functions stored in the memory 106, which con-
stitutes a memory means. A predetermined operation
(e.g., a short press of the up-switch SW2 or the down-
switch SW3) causes the control unit 105 to display infor-
mation identifying the selected detection function on the
display 101. Here, an example of the display is shown in
Fig. 6B.

[0052] The control unit 105 may also set the response
time based on the detected transit time and resolution
regardless of information of the detection functions
stored in the memory 106. In this case, the control unit
105 sets, for example, a predetermined ratio of time to
the transit time as the response time, where the prede-
termined ratio is smaller than one. Note that if the amount
of received light corresponding to an amount of light cor-
responding to the response time is smaller than an
amount of received light corresponding to the resolution,
the control unit 105 changes the response time so as to
guarantee the amount of light corresponding to an
amount of received light greater than an amount of re-
ceived light corresponding to the resolution by more than
a predetermined value.

[0053] The display 101 of Fig. 6B displays information
("HS") identifying a detection function, at which time the
control unit 105 causes the display 102 to display, for
example, information ("2500") identifying the amount of
light achieved by the detection function. The user can
check which detection function has been selected by
viewing the display content of the display 101 of Fig. 6B.
The user also can determine whether the amount of light
achieved by the selected detection function is appropri-
ate to detection result of the resolution displayed on the
display 101 of Fig. 6A by viewing the display content of
the display 102 of Fig. 6B.

[0054] In the state shown in Fig. 6B, a further prede-
termined operation (for example, a short press of the
mode switch SW4) causes the control unit 105 to return
the display contents of the displays 101 and 102 to the
resolution and transit time as shown in Fig. 6C.

[Flow of operation of photoelectric sensor]

[0055] Fig. 7 is aflow chart showing the operation con-
trol of the photoelectric sensor 1. The outline of the op-
eration of the photoelectric sensor 1 is described below
with reference to Fig. 7.

[0056] Referring to Fig. 7, when the photoelectric sen-
sor 1 is powered on, the control unit 105 performs an
initial operation (e.g., check of operations, initial informa-
tion setting, etc.), and then operates in the measurement
mode in step S10. This allows the photoelectric sensor
1 to output the above-described determination result to
an external device after the initial operation. If the re-
sponse time setting is performed in the measurement
mode, the output of the determination result to an external
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device is temporarily stopped.

[0057] In step S20, the control unit 105 determines
whether the operation of changing the operation mode
tothe settingmode is performed during the measurement
mode. Ifthe control unit 105 determines thatthe operation
of changing the operation mode is not performed, the
control unit 105 continues the measurement modein step
S10, and if the control unit 105 determines that the op-
eration of changing the operation mode has been per-
formed, the control unit 105 proceeds to step S30.
[0058] Instep S30, the control unit 105 accepts amenu
selection in the setting mode. The setting mode includes,
for example, a detection function setting menu and a dis-
play setting menu. Inthe setting mode of the photoelectric
sensor 1, a menu to be performed is selected, for exam-
ple, by operation of the mode switch SW4. If the control
unit 105 determines that the detection function setting
menu has been selected, the control unit 105 proceeds
to step S40. If the control unit 105 determines that the
display setting menu has been selected, the control unit
105 proceeds to step S50.

[0059] In step S40, the control unit 105 performs the
function setting menu, and proceeds to step S60. In the
detection function setting menu, the control unit 105 ac-
cepts specifying settings of the detection function. Fig. 8
is a diagram for explaining the process in the detection
function setting menu. Referring to Fig. 8, the process in
the detection function setting menu is described in more
detail below.

[0060] Figs. 8A to 8E show examples of the display
contents of the displays 101 and 102, and Fig. 8F sche-
matically shows an example of information about detec-
tion functions stored in the memory 106.

[0061] As shown in Fig. 8F, information about four
types of detection functions is stored in the photoelectric
sensor 1, in which detection functions are "HS: high
speed mode", "STND: standard mode", "GIGA: giga
mode", and "SHS: super high mode". The response times
and the amounts of light associated with the detection
functions are shown in the table of Fig. 8F. When any of
the detection functions is designated, the control unit 105
performs the detection operation according to settings
aboutthe detection function designated, thereby deriving
the determination result and outputting the determination
result derived to an external device.

[0062] For example, when "HS: high speed mode" is
specified, the control unit 105 operates the light emitting
unit and the light receiving unit in a response time of 250
. seconds and with 1 times the amount of light and de-
tects an object, where "1 times the amount of light" means
a standard amount of light predetermined in the photoe-
lectric sensor 1.

[0063] When "GIGA: giga mode" is specified, the con-
trol unit 105 operates the light emitting unit and the light
receiving unit in a response time of 16 w seconds and
with 12 times the amount of light and detects an object.
Compared with "HS: high speed mode", the response
time is 64 times the length in "GIGA: giga mode" and the
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amountoflightis 12 times accordingly. Thatis, compared
with "HS: high speed mode", the response time is longer
in "GIGA: giga mode" and the amount of light is more
accordingly.

[0064] Figs. 8A to 8D are representations correspond-
ing to the designated detection functions. More specifi-
cally, Figs 8A, 8B, 8C, and 8D corresponds to "HS: high
speed mode", "STND: standard mode", "GIGA: giga
mode", and "SHS: super high mode", respectively. In
Figs. 8A to 8D, the displays 101 display strings ("HS",
"STND", "GIGA", and "SHS") that indicate the functions,
and the displays 102 display the amounts of light ("500",
"500", "6000", and "125") corresponding to the functions
above.

[0065] When the operation of determining the detec-
tion function designated in the detection function setting
menu is performed, the settings of the detection function
is updated in the photoelectric sensor 1. The control unit
105 detects an object based on the settings of the de-
tection function in the measurement mode.

[0066] In the detection function setting menu, for ex-
ample, each time the mode switch SW4 is operated, the
mode to be specified is changed in the order shown in
the table of Fig. 8F.

[0067] Note that the detection function setting menu
allows the response time to be set while referring to the
obtained transit time as described with reference to Fig.
5. More specifically, for example, if the mode switch SW4
is further operated in a state where "SHS: super high
mode" is specified, the control unit 105 switches the dis-
play of the displays 101 and 102 as shown in Fig. 8E.
[0068] InFig.8E,thedisplay 101displays astring"SEt"
(meaning "SET"), and the display 102 displays "----".
Thus, a state is indicated in which the photoelectric sen-
sor 1 measures the transit time etc. described with ref-
erence to Fig. 5. When the transit time etc. are obtained
in such a manner described with reference to Fig. 5, the
display 102 displays the transit time obtained. The dis-
play 101 also displays the resolution. Based upon view-
ing of these values, a user can select and designate a
detection function to be used for detection from the de-
tection functions shown in Fig. 8F.

[0069] Returning to Fig. 7, when an operation to exit
the function setting menu is performed while the function
setting menu is running in step S40, the control unit 105
proceeds to step S60.

[0070] Alternatively, in step S50, the control unit 105
performs the display setting menu, which is to set the
contentfor display on the display 102 in the measurement
mode. Display options to be set are, for example, as fol-
lows: 1) threshold, 2) minimum peak value of incident
light, 3) ratio of detection value to threshold, 4) amount
of received light at peak level, 5) channel number to con-
nect, and 6) transit time.

[0071] Figs. 9A to 9F show the display contents of the
displays 101 and 102 when the options are specified.
The display contents of Figs. 9A to 9F correspond to the
above options 1) to 6), respectively. The selection in the
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display setting menu is switched in the order of the op-
tions 1) to 6), for example, each time the mode switch
SW4 is operated.

[0072] In all of Figs. 9A-9F, the display 101 displays a
string "disp" (corresponding to "display") indicating that
the display content is selected.

[0073] Thedisplay 102 of Fig. 9Adisplays a string "PEt"
indicative of the setting option 1) "threshold". When this
setting option has been determined, the measurement
mode displays a threshold on the display 101 and a ratio
of the amount of received light (a ratio of the maximum
or minimum value of the detection value of the amount
of received light to a threshold) on the display 102; for
example, as shown in Fig. 10A.

[0074] The display 102 of Fig. 9B displays a string "P-
b" indicative of the setting option 2) "minimum peak value
of incident light". When this setting option has been de-
termined, the measurement mode displays the peak
amount of received light on the display 101 and the bot-
tom amount of received light on the display 102, for ex-
ample, as shown in Fig. 10B, where the peak amount of
received light and the bottom amount of received light
are, for example, the maximum and minimum values in
the detection values in a certain period of time including
the extreme values when extreme values (maximum and
minimum values) of the detection values have been ob-
tained, respectively.

[0075] Thedisplay 102 ofFig.9C displays a string "bAr"
indicative of the setting option 3) "ratio of detection value
to threshold". When this setting option has been deter-
mined, the measurement mode displays a ratio to which
the current amount of received light corresponds, based
upon the threshold taken as 100%, on the display unit
100 as shown in Fig. 10C, for example.

[0076] The display 102 of Fig. 9D displays a string
"PEAK" indicative of the setting option 4) "amount of re-
ceived light at peak level". When this setting option has
been determined, the measurement mode displays the
peak amount of received light on the display 101 and the
current amount of received light on the display 102, for
example, as shown in Fig. 10D. The peak amount of re-
ceived light is the extreme value when an extreme value
of the detection values has been obtained.

[0077] The display 102 of Fig. 9E displays a string "ch"
indicative of the setting option 5) "channel number to con-
nect". When this setting option has been determined, the
measurement mode displays a channel number on the
display 101 and the current amount of received light on
the display 102, for example, as shown in Fig. 10E. The
channel number is the number of the channel to which
the photoelectric sensor 1 outputs the determination re-
sult.

[0078] The display 102 of Fig. 9F displays a string "P-
t" indicative of the setting option 6) "transit time". When
this setting option has been determined, the measure-
ment mode displays resolution on the display 101 and a
transit time on the display 102, for example, as shown in
Fig. 10F. The control unit 105 obtains the resolution and
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the transit time, for example, in the method referring to
Fig. 5.

[0079] Returning to Fig. 7, when an operation to exit
the display setting menu is performed while the display
setting menu is running in step S50, the control unit 105
proceeds to step S60.

[0080] In step S60, the control unit 105 determines
whether the operation of entering the measurement
mode is performed in the photoelectric sensor 1. If the
control unit 105 determines that such an operation is per-
formed, the control unit 105 returns to step S10. Alterna-
tively, if the control unit 105 determines that any other
operation is performed, the control unit 105 proceeds to
step S30.

[Effect of embodiments]

[0081] In the present embodiments described above,
the photoelectric sensor 1 displays a transit time and res-
olution by the appropriate operation in the measurement
mode, for example, as described with reference to Fig.
5, in which state the photoelectric sensor 1 accepts spec-
ifying the settings of the response time. This allows a
user to view measurement values of the transit time and
the resolution and to set a response time based on the
measurement values.

[0082] The photoelectric sensor 1 displays measure-
ment values of a transit time and resolution also in the
setting mode, for example, as described with reference
to Fig. 8. This allows a user to view measurement values
ofthe transittime and the resolution and to setaresponse
time based on the measurement values, also in the set-
ting mode.

[0083] Note that such a display of the measurement
value of the transit time in the photoelectric sensor 1 only
has to be provided in at least one of the measurement
mode and the setting mode.

[0084] When the photoelectric sensor 1 obtains the
transit time, the lighting manner of indicators such as the
indicator light 111 etc. may be linked to or may not be
linked to the crossing of a detection value through the
threshold (i.e., time T1 and/or time T2 in Fig. 5). The
control unit 105 may turn on the indicator light 111, for
example, from when the detection value crosses a
threshold in one direction until it crosses the threshold in
the opposite direction (i.e., from time T1 to time T2 in Fig.
5). The control unit 105 may use indicators such as the
indicator light 111 etc. to display items other than the
detection operation while detecting the transit time etc.
described with reference to Fig.5.

[0085] It should be understood that embodiments de-
scribed herein and modifications thereof are merely ex-
emplary in all respects and are not limited thereto. The
scope of the presentinventionis defined by the appended
claims and not by the description above, and is intended
to cover all modifications within the meaning and the
scope equivalent to the claims.
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Claims

1.

A photoelectric sensor comprising:

a light emitting unit comprising a light emitting
element configured to emit detection light to-
ward a detection area;

a light receiving unit comprising a light receiving
element configured to receive the detection light
from the detection area and to obtain a detection
value corresponding to the amount of light re-
ceived; and

a display means configured to display informa-
tion representing the detection value in the light
receiving unit, wherein

when the detection value varies across a pre-
determined threshold, the display means dis-
plays a transit time that is the time from when
the detection value crosses the predetermined
threshold until when it crosses the predeter-
mined threshold again, and a variation amount
of the detection value in the variation.

The photoelectric sensor according to claim 1, fur-
ther comprising

a setting means configured to set conditions for the
detection of an object, the detection being performed
using the light emitting unit and the light receiving
unit, wherein

the setting means is configured to set a response
time of the detection based on the transit time and
the variation amount.

The photoelectric sensor according to claim 2, fur-
ther comprising

a memory means configured to store two or more
response times of the detection, wherein

the setting means being configured to select and set
one response time out of the two or more response
times storedin the memory means based onthe tran-
sit time and the variation amount.

The photoelectric sensor according to claim 3, fur-
ther comprising

an input means configured to receive input of infor-
mation, wherein

when a predetermined input to the input means is
provided while the transit time and the variation
amount are displayed, the display means displays
information to identify the response time selected by
the setting means.
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FIG. 6A
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FIG. 6C
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